Historical background
The most ancient text that mentions the shani worm was discovered in Nuzi, Iraq. In that document, dated to the 14th or 15th century BC, there is mention of a Phoenician trader who introduced to the palace in that area many precious products, among them a woolen fabric colored with tekhelet (blue), argaman (purple), and "red which was produced from worms" (Pfeiffer and Speiser 1936) .
The scarlet dye is mentioned in the Old Testament 25 times, either alone or along with other precious and expensive pigments, including the blue and purple dyes obtained from marine snails (e.g., in the book of Exodus and the second book of Samuel, 1:24). Shani was used in the Holy Land during the biblical period both for secular purposes (such as coloring expensive weavings) and for ritual purposes (for instance, for the purification of lepers [Leviticus 14:6] and as a component of red cow ash-from the burnt offering of a red heifer-which was also used for purification [Numbers 19:6] ). The famous historian Flavius Josephus noted that the shani dye symbolized fire, one of the four basic elements of the world (Flavius Josephus 1966) . One of the latest instances of the use of shani dye in ancient Israel is from the end of the second temple period, when, in the wake of the destruction of the temple, the Jewish sages decreed customs of national mourning and forbade guests at marriage ceremonies from wearing crowns made of shani or gold threads, as had been popular until then (Zuckermandel 1970) .
Research history
The first scientific research on coccoid scales in Israel was done by Bodenheimer, who described three kermes species that grew on different species of oak (Bodenheimer 1924 (Bodenheimer , 1931 . Balachowsky (1953) illustrated those species and renamed them in his research on kermes species of the Mediterranean. This created a great deal of confusion, because these coccoids were illustrated in different ways and had two different names.
As a result, six species appeared in the literature, whereas only three species actually existed. Sternlicht (1961) suggested in his dissertation a new method for classifying coccoids, and he illustrated three kermes species found in Israel: Kermes biblicus = Kermes palestinensis, K. echinatus, and Kermes spatulatus. Later he identified another species with the name Kermes bytinskii (Sternlicht 1969) . In effect, Sternlicht's 1969 article is the most recent scientific source on these species. A few researchers proposed that a dye can be produced from the oak coccoids in Israel, but no proof existed for this hypothesis (Dor 1997 , Sandberg 1997 . Attempts to produce a dye from the K. biblicus coccoid, considered the most likely source for a dye, were unsuccessful.
After four years of new field surveys, we located the four kermes species in Israel and tested the ability to produce dye from each coccoid. We discovered that K. echinatus contains a significant amount of bright red pigment and is a parasite of the local evergreen kermes oak (Q. calliprinos Webb), a dominant component of all Mediterranean mountain areas in Israel and surrounding countries.
The biology and life cycle of a coccoid scale
Kermes echinatus larvae are cleaved during summer from their mother coccoid, which dies thereafter. In their first stage, the larvae have legs and antennae. During this stage they migrate and settle on the host plant, and spend the summer and winter in a deep sleep. The larvae wake up the following spring and draw nourishment from the sap, which they suck with their maxillipeds. They then undergo several moltings.
In the third molting stage, the male undergoes a pupation process (full metamorphosis) that continues for two weeks. A winged, red-colored, 1.5-millimeter (mm)-long male emerges from the cocoon. The male does not eat; his only function is to find the female by means of the pheromones that she releases. He fertilizes her and dies afterward.
By contrast, the female larva molts two or three times without a pupation process (lack of metamorphosis), and her limb movements degenerate. The adult female has no wings or eyes, but she has a maxilliped with which she sucks the sap of the host plant, and, with a wax that she secretes, she attaches to the plant's branches or trunk. The adult female is 3 to 7 mm long and 2 to 4 mm wide, and she has a camouflage color of gray-brown. The active life cycle (excluding deep-sleeping time), from the first stage of the awakened larva until the spawning stage, is 3 to 3.5 months (Sternlicht 1961) . The female produces dye, in both her body and her eggs, only at the peak of her adulthood, which continues for no more than one month, around July and August.
We assume that we have identified the original indigenous source of the biblical scarlet dye in Israel. We tested the dye on wool using processes described in historical literary sources (Fahd 1993) . These processes include drying the coccoids, boiling them in water, and using alum as a mordant. The dye obtained from K. echinatus has a bright red-orange hue, which matches the descriptions of shani in the historical literature (figure 1).
Sampling
Coccoid scales were collected throughout the active period of the adult scale, from July through August (figure 2). Following collection, they were dried for a week in the shade and extracted in water for 45 minutes at 60 degrees Celsius ( º C) to 80 º C.
Separation and analysis
A LaChrom chromatography system equipped with DAD (diode array detector, LaChrom L-7450) was used with HSM (hierarchichal storage management) software for data analysis. For analytical separation, we used a LiChrocart 125-4 column packed with Lichrospher 100, RP8, 5 micrometers. For semipreparative separation, we used column 250-10, packed with the same resin. For gradient elution, we used two solvents: (a) 0.1 percent TFA (trifluoroacetic acid) in water Biology in History and (b) acetonitrile. Separations were achieved with the following gradients of B: 0-50 percent per 10 minutes, 50 percent per 10-13 minutes, and 50-70 percent per 13-15 minutes. For analytical separations, flow rate was maintained at 1 milliliter (mL) per minute. The same gradient was used for the semipreparative separations, but at a flow rate of 3 mL per minute. The peaks were collected after separation on the semipreparative column, purified by repeated highperformance liquid chromatography (HPLC) on the same column, and analyzed with nuclear magnetic resonance (NMR).
The scientific evidence for the scarlet dye of the Holy Land
A typical chromatographic profile viewed at 432 and 480 nanometers (nm) (figure 3) reveals three main peaks, numbered 1, 2, and 3, which were usually found in all samples. Peaks 1 and 3 had a deep orange color, whereas peak 2 had a light yellow color. Peak 3 consisted of at least two substances (3a and 3b). Ultraviolet spectra of these substances are represented in figure 4. The spectrum of substance 3a was similar to that of kermesic acid (Ka; maximum at 480 nm). The Ka dye was brick red (Mayer 1943) or dark red (Budavari 1989) and imparted an orange-red hue when it was used to dye wool in an acid bath (Mayer 1943) . The spectrum of substance 3b was like that of flavokermesic acid (Fk; maximum at 432 nm). The Fk dye was a yellow-orange that produced a golden yellow hue when dyeing was performed in acid baths (Mayer 1943) . The same spectra of Ka and Fk were seen in the work of Koren (1999) , who pointed out that this brick red dye (Ka), which was extracted from textiles, is found only in an oak-kermes coccoid scale species and is not present in any plant or cochineal insect.
All three peaks were collected after separation on the semipreparative column and purified by repeated HPLC on the same column. NMR analysis of peak 3 confirmed the presence of Fk (Wouters and Verhecken 1987) as well as Ka (Gadgil et al. 1968) . The former was the major constituent (55 percent) of the peak, whereas Ka contributed 17 percent. A third set of signals is attributed to the 7-OH derivative of Ka (28 percent), a substance that has not been described in the literature. The relative amount of the latter acid varied somewhat, depending on the sample.
These results confirm the presence of Ka in K. echinatus extracts. The fact that this scale is found in Israel suggests that the origin of the shani color mentioned in the Bible could have been local and not an import from abroad, as most scholars have assumed (Zeiderman 1986 , Cardon 1990 , 1999 . Our hypothesis is supported by the color quality of Ka, the relative concentration of the pigment in K. echinatus, and the abundance of the K. echinatus scale in Israel.
